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Abstract. The solar chromosphere is a vigorously dynamic region of the sun, where waves 
and magnetic fields play an important role. To improve chromospheric diagnostics, we 
present new observations in Call 8542 carried out with the SST/CRISP on La Palma, work- 
ing in full-Stokes mode. We measured Stokes line profiles in active regions. The line profiles 
observed close to the solar limb show signals in all four Stokes parameters, while profiles 
observed close to disk center only show signals above the noise level in Stokes I and V. 
We used the NLTE inversion code 'NICOLE' to derive atmospheric parameters in umbral 
flashes present in a small round sunspot without penumbra. 
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1. Introduction 

The magnetic structure of the solar chro- 
mosphere is currently the subject of in- 
tense computational and observational 
research. Numerical MHD simulations 
have improved in the last few years, 
becoming more a nd m ore realistic, i.e, 
IWedemeveretal.1 (20041), Leenaarts et alj 



(l2007h and iMartmez-Svkora et alj (l2009l) . 
Unfortunately, progress on the observational 
side has arguably been somewhat slower 
The few optical spectral lines probing the 
chromosphere are typically characterized by: 



1. A vast formation range, from the photo- 
sphere to the chromosphere. 

2. NLTE. 

3. A weak polarization signal (especially in Q 
and U). 

4. A large spectral width. 

Inversion codes have been commonly used 
to derive atmospheric parameters, usually as- 
suming LTE or considering a Milne-Eddington 
atmosphere. However, this approximation can- 
not be used for modeling chromospheric lines, 
such as the Ca II infrared triplet. A method for 
NLTE inversions of Zeeman-induced Stokes 
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profiles was described bv iSocas-Nav arro et aL 
( 2000b) and used in a study by IPietarila et al 
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(l2007h of slit-based spectroscopic observa- 
tions. The development of new instrumentation 
at large aperture telescopes (like SST/CRISP, 
DST/IBIS, VTT/TESOS) has made it possi- 
ble to observe the chromosphere with very 
high spatial and temporal resolution. Here, 
we present inversions of chromospheric full- 
Stokes CRISP data. 

2. The chromosphere observed with 
CRISP in 854.2 nm 

CRISP is a Fabry-Perot filter consisting of two 
etalons mounted in tandem. The rapid tuning 
ability in combination with two Liquid Crystal 
Variable Retarders allow for full-Stokes scan- 
ning of spectral line profiles. The transmis- 
sion profile of the instrument at 8542 A has 
a FWHM of ~ 111 mA. The Call IR lines 
have a large formation range: the wings of 
the line are formed in the photosphere, while 
the inner core is formed in the lower chro- 
mosphere. Therefore, the features observed in 
the core of the line show significant changes 
on time scales of 3-5 seconds, whereas the 
features in the wings, showing the usual pho- 
tospheric granulation pattern, evolve much 
slower (~ 25 seconds). As with any Fabry- 
Perot instrument, there is a trade-off between 
cadence, sensitivity and number of wave- 
lengths. Th e datasets were proc essed using 
MOMFBD dvan Noort et alj2005h . It is impor- 
tant to note that our observations of active re- 
gions show similar chromospheric structures to 
those seen in Ha. 

2.1. High resolution Umbral Flaslies 

In this study we present observations taken on 
2008 June 12 at // - 0.81, with a cadence of 
lis per scan and covering a range of ±1.94 A 
from line center. The dataset, shown in Fig.[T] 
includes a small sunspot without penumbra 
showing Umbral Flashes (UF, hereafter), one 
of the clearest examples of shock propaga- 
tion in the Sun. Socas-Nav arro et aP (l2000ah 
report anomalous Zeeman profiles during the 
UF phase and propose a scenario in wh i ch this 
phenomenon may occur. ICenteno et al.l (l2005h 
provide further evidence for the dual compo- 



nent scenario. ISocas-Navarro et 111 (l2009h de- 
scribe fine-scale structures in UF from Hinode 
Call H imaging, further supporting the idea 
of a highly structured umbral atmosphere. Our 
observations show the anomalous Stokes V 
profile during the UF phase in Fig. [3] 

2.2. Active region at /u = 0.43 

Figure|2]shows an active region which encloses 
two small sunspots recorded on 2008 June 10 
at yU = 0.43. The Stokes images clearly show a 
linear polarization signal, while the Stokes V 
image suggests a very complicated magnetic 
field configuration. The circular polarization 
peaks around +6%, while the linear polariza- 
tion measured in Stokes Q & U is (in most 
cases) lower than 4%. No inversions of this 
dataset were carried out. 

3. NICOLE: the NLTE inversion code 

We use the NLTE inversion code NICOLE, 
which assumes complete redistribution in fre- 
quencies and angles, and works with plane- 
parallel geometry. Line broadening produced 
by collisions with neutral H atoms follows 
the fo rmulation described by iBarklem et alJ 
d2000h . The code is based on the work 
presented in Socas-Navar ro et a D ( 12000b '). It 
solves the N LTE problem using the strategy 
describ ed by ISocas-Navarro & Truiillo Buenol 
(Il997h 

The inversions are initialized with a mod- 
ified HSRA atmospheric model and the code 
uses crisp's non-Gaussian instrumental pro- 
file to degrade the synthetic spectra. Similar 
NLTE inversions ar e described in detail by 
iPietarila et al.l (|200 7|). but concerned quiet Sun 
and at a much lower spatial resolution. 

We use NICOLE to invert the observations 
described in Sect. 12.11 with the aim of test- 
ing the code on CRISP observations for fur- 
ther analysis of the results. The weak Stokes 
signals, high image resolution, limited wave- 
length coverage and poor sampling of the line 
present a challenge for the analysis of such 
data. We carry out the inversions using only a 
single component atmosphere, even though UF 
probably require a multi-component treatment. 
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Fig. 1. Observations at heliocentric angle fi = 0.81. Full-Stokes maps at -182 mA from LC in 854.2 nm 
(filled circle on the profiles panels). The line profiles plotted on the panels on the right correspond to the 
point marked with the circle in the images. 
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Fig. 2. Observations at heliocentric angle /i = 0.43. Full-Stokes maps at -161 mA from line core in 
854.2 nm (filled circle on the profiles panels). The line profiles plotted on the panels on the right corre- 
spond to the point marked with the cross in the images. 
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Fig. 3. Observed and synthetic profiles in the qui- 
escent (dashed line) and UF (solid line) phases. The 
pixel used in this example is marked with a circle in 

Fig.m 

and therefore, the results represent an average 
of multiple components. Figure[T]shows the se- 
lected target for the inversions, where the circle 
on the image marks an example pixel of which 
the inversion results are shown in Sect. |4] 

4. Results 

Unfortunately, NLTE inversions are computa- 
tionally very expensive, making the analysis of 
time series of the whole field of view a time 
consuming task. Therefore, we have inverted 
spectra only along a line that crosses the pore 
for a 5 minutes time series. Figure |5] shows the 
time evolution of the spectrum of our example 
pixel. The UF starts around f = 180 s and ends 
at f = 220 s. 

In the quiescent phase our target shows a 
traditional sunspot Stokes profile, with two cr 
Zeeman components in circular polarization 
with opposite signs. In the presence of an UF, 
the Stokes I profile shows an enhanced emis- 
sion component on the blue side of the line 
core, which causes an apparent redshift of the 
line core, presented in Fig. [3] The shock has 
a strong signature in the Stokes V profile and 
makes the blue Zeeman cr component van- 
ish. Figure|4]shows the atmospheric model ob- 
tained by inversions of the Stokes profiles of 
the example pixel during the quiescent (dashed 
line) and UF (solid line) phases. The UF is 



Fig. 4. Model atmospheres obtained by inversions 
of Stokes profiles in Fig. [3] 



characterized by an upflow (negative velocity) 
in the higher layers of the model, compared to 
the quiescent phase. The density appears en- 
hanced during the UF phase, and the measured 
magnetic field strength is lower due to the pres- 
ence of the anomalous Stokes V profile. The 
azimuth and inclination of the magnetic field 
could not be derived from the Stokes data since 
the signal level in Stokes Q and U is too low. 
The round shape of the pore and the absence 
of a penumbra suggest that the magnetic field 
is mostly vertical, which for high /i values is 
roughly aligned with the line of sight, consis- 
tent with the low signal in Stokes Q and U. 

5. Conclusions 

We have reduced polarimetric CRISP obser- 
vations of the Call 854.2 nm line and ana- 
lyzed a small, round pore located ?A ji - 0.81 
using an adapted version of the NLTE in- 
version code NICOLE. The code is not able 
to reproduce discontinuities as the model is 
smoothed with a spline fit during the inversion. 
Nevertheless, the shock leaves a clear finger- 
print in the derived velocity, density and mag- 
netic field strength. Since the observed Stokes 
V profile of this line is known to be properly 
described by Zeeman splitting in such a strong 
magnetic field, the spread in the magnetic field 
strength is probably mostly caused by noise. 
The amount of cross-talk between other ther- 
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Fig. 5. Time-series of the observed and synthetic 
spectra. The pixel used in this example is marked 
with a circle in Fig.[T] 



modynamic parameters is still unknown and 
will be the subject of future research. 
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